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Description

TECHNICAL FIELD

5 [0001] The present invention relates to water soluble prodrugs. In particular, the invention relates to the use of rel-

atively high molecular weight non-antigenic polymers to prepare prodrugs.

BACKGROUND OF THE INVENTION

10 [0002] Over the years, several methods of administering biologically-effective materials to mammals have been pro-

posed. Many medicinal agents are available as water-soluble salts and can be included in pharmaceutical formulations

relatively easily. Problems arise when the desired medicinal is either insoluble in aqueous fluids or is rapidly degraded

in vivo. Alkaloids are often especially difficult to solubilize.

[0003] For example, several methods have been suggested to overcome the problems associated with administering

is paclitaxel, (also known as TaxoKB), Bristol-Myers Squibb Co. NY, NY), which is insoluble in water. Currently, pad itaxel

is administrated in physical admixture with a non-aqueous vehicle, cremophor-EL. This formulation, however, has

several drawbacks. Hypersensitivity reactions have been associated with the vehicle and intravenous administration

of the agent with this vehicle is also slow and causes discomfort to the patient.

[0004] Several methods have been suggested to enhance the aqueous solubility of paclitaxel. See, for example,

20 PCTWO 93/24476, U.S. Patent No. 5,362,831 , and Nlcolaou, et al. Angew. Chem. Int. Ed. Engl. (1 994) 33, No. 1 6/1 6,

pages 1583-1587. Preparing water-soluble prodrug versions has also been explored.

[0005] Prodrugs include chemical derivatives of a biologically-active parent compound which, upon administration,

will eventually liberate the active parent compound in vivo. Use of prodrugs allows the artisan to modify the onset and/

or duration of action in vivo. In addition, the use of prodrugs can modify the transportation, distribution or solubility of

23 a drug in the body. Furthermore, prodrugs may reduce the toxicity and/or otherwise overcome difficulties encountered

when administering pharmaceutical preparations.

[0006] A typical example in the preparation of prodrugs can involve conversion of alcohols or thioalcohols to either

organic phosphates or estets. Remington's Pharmaceutical Sciences , 16th Ed,, A. Osol, Ed. (1980), the disclosure of

which is incorporated by reference herein.

30 [0007] Prodrugs are often biologically inert or substantially inactive forms of the parent or active compound. The rate

of release of the active drug is influenced by several factors including the rate of hydrolysis of the converted ester or

other functionality.

[0008] Recently, polyethylene glycol (PEG) and related polyalkylene oxides (PAO's) have been suggested as pos-

sible adjuncts for the preparation of paclitaxel prodrugs. See PCT W0 93/24476 supra , for example. PEG has also

35 been conjugated to proteins, peptides and enzymes to increase aqueous solubility and circulating life in vivo as well

as reduce antigenicity. See, for example, U.S. Patent Nos. 5,298,643 and 5,321 ,095, both to Greenwald, et al. These

latter two references disclose, inter alia
, biologically-active conjugates having substantially hydrolysis-resistant bonds

(linkages) between a polyalkylene oxide and the target moiety. Thus, long-lasting conjugates rather than prodrugs per

se were prepared, in most situations, the average molecular weight of the polymer included in the conjugate was
40 preferably about 5,000 daltons.

[0009] PCTWO 93/24476 discloses using an ester linkage to covalently bind paclitaxel to water-soluble polyethylene

glycols and provide a prodrug. Applicants, however, have discovered that the ester linkages described therein provide

T1/2 for hydrolysis of greater than four days in aqueous environments. Thus, most of the conjugate is eliminated prior

to hydrolysis being achieved in vivo . It would be preferable to provide an ester linkage which allows more rapid hydrol-

45 ysis of the polymer-drug linkage in vivo so as to generate the parent drug compound more rapidly.

[0010] It has also been surprisingly found that when only one or two polymers of less than 1 0,000 molecular weight

are conjugated to alkaloids and/or organic compounds, the resulting conjugates are rapidly eliminated In vivo. In fact,

such conjugates are so rapidly cleared from the body that even if a hydrolysis-prone-ester linkage is used, not enough

of the parent molecule is regenerated in vivo to make the PAO-drug conjugate worthwhile as a prodrug.

so [0011] Ohya, et al., J. Bioactive and Compatible Polymers Vol. 10 Jan., 1995, 51-66, disclose doxorubicin-PEG

conjugates which are prepared by linking the two substituents via various linkages including esters. The molecular

weight of the PEG used, however, is only about 5,000 at best. Thus, the true in vivo benefits would not be realized

because the conjugates would be substantially excreted prior to sufficient hydrolysis of the linkage to generate the

parent molecules.

55 [001 2] Yamaoka, et al. J. Pharmaceutical Sciences , Vol. 83, No. 4, April 1 994, pages 601 -606, disclose that the half-

life of unmodified PEG in circulation of mice after IV administration extended from 1 8 minutes to one day when molecular

weight was increased from 6,000 to 190,000. Yamaoka, et al., however, failed to consider the effect of linking the

polymer to a drug would have on the drug. Also, Yamaoka, et al. failed to consider that aqueous solutions of higher
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molecular weight polymers are quite viscous and difficult to dispense through the narrow-bore devices used to admin-

ister pharmaceutical preparations.

[0013] U.S. Patent No. 4,943,579 discloses the use of certain amino acid esters in their salt forms as water soluble

prodrugs. The reference does not, however, disclose using the amino acids as part of a linkage which would attach

s relatively high molecular weight polymers in order to form prodrugs. As evidenced by the data provided in Table 2 of

the '579 patent, hydrolysis is quick. At physiologic pH, the insoluble base is rapidly generated after injection, binds to

proteins and is quickly eliminated from the body before therapeutic effect can be achieved.

[001 4] WO 96/23794 discloses polymer-based prodrugs comprising a high molecular weight polyalkylene oxide moi-

ety (having a molecular weight of from 20,000 to 80,000) and one or two drug moieties coupled to the polymer part by
io an ester-containing linker which may be derived from the amino acid glycine.

[001 5] WO 95/1 1 020 discloses 2'- and/or 7-substituted taxoids, wherein the substituent is a polyalkylene glycol cou-

pled to the taxoid by a carbonate or ester-containing linker which may be derived from the amino acid glycine.

[0016] in summary, previous prodrugs based on conjugates of a parent drug compound and a water soluble polymer

have not been successful for various reasons including excessively slow hydrolysis of the polymer from the parent

'5 drug and excessively rapid ciearance of the prodrug from the body. In addition, improvements in prodrugs based on

simple amino acid esters have been sought to overcome the rapid regeneration of the parent compound at physiological

pH.

[0017] The present invention addresses the shortcomings described above.

20 SUMMARY OF THE INVENTION

[0018] In one aspect, the invention provides a prodrug compound having the formula (I) or (II):

D-0-CO-CH(R
1
)-NH-R

2
(I)

[D-0-CO-CH(R
1

)-NH-]2R
3

(II)

wherein

D Is a residue of a drug having an ester-forming hydroxyl group,

R2 and R3 are a residue of a water soluble polyalkylene oxide or activated polyalkylene oxide having a molecular

weight of from 20,000 to 80,000, and
the moiety -CO-CH(R 1)-NH- is a residue of an (!) amino acid, a (d) amino acid or a mixture of (I) and (d) amino acid.

[0019] As is evident from the formulae (I) and (II), polymer-based mono- and bis-prodrugs are contemplated.

[0020] The prodrugs preferably include a water-soluble polyalkylene oxide polymer as R2 or R3 . More preferably,

the polymer is a polyethylene glycol and has a molecular weight of at least about 20,000.

[0021] In certain preferred aspects of the Invention, the drug compound (designated D herein) attached to the polymer

is a taxane such as paclitaxel or taxotere. In other aspects of the invention, the drug compound is camptothecin,

etoposide, cis-platin derivatives containing OH groups, floxuridine or podophyllotoxin. In still further embodiments,

other oncolytic agents, non-oncolytlc agents such as anti-inflammatory agents, including steroidal compounds, as well

as therapeutic low molecular weight peptides such as insulin are also contemplated.

[0022] One of the chief advantages of the compounds of the present invention is that the prodrugs achieve a proper

balance between the rate of parent drug-polymer linkage hydrolysis and the rate of clearance of prodrug from the body.

The linkage between the polymer and the parent compound, also referred to herein as a biologically-active nucleophile,

hydrolyzes at a rate which allows a sufficient amount of the parent molecule to be released in vivo before clearance

of the prodrug from the plasma or body.

[0023] Another advantage of the present invention is that in certain preferred embodiments, the prodrug compound
includes a racemic mixture of the linker portion joining biologically active material linked to high molecular weight

polymers using both the (d) and (I) forms of the prodrug linkage . This unique blend allows the artisan to design a novel

prodrug complex having controlled release properties in which there is an initial relatively rapid release of the drug

from the prodrug form, due to the relatively rapid enzymatic cleavage of the (i) forms of the amino acid linker portion,

followed by a relatively slow release of the drug from the prodrug as a result of the hydrolysis of (d) form of the amino
acid linker portion. Alternatively, the (d) and (I) forms of the amino acids can be used separately to employ the unique

hydrolysis properties of each isomer, i.e. (I)- relatively rapid, (o>slower hydrolysis. The compounds of the present

invention are also designed to include polymers of adequate molecular weight to insure that the circulating life of the

prodrugs is sufficient to allow the necessary amount of hydrolysis (and thus regeneration of therapeutic amounts of

3
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the drug in vivo) before elimination of the drug. Stated in another way, the compounds of the present invention are

preferably designed so that the circulating life T1/2 is greater than the hydrolysis T1/2 .

[0024] Methods of making and using the compounds described herein are also provided.

5 BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figures 1 and 2 are schematic representations of the reactions carried out in accordance with Examples 1 -8.

io Figure 3 is a schematic representation of the reaction carried out in accordance with Example 9.

Figure 4 is a schematic representation of the reaction carried out in accordance with Example 10.

Figure 5 is a schematic representation of the reactions carried out in accordance with Examples 9b and 9c.

DETAILED DESCRIPTION OF THE INVENTION
15

A. THE PRODRUGS

[0026] In the invention, the prodrug compounds of the present invention contain hydrolyzable linkages between the

polymer portion and a biologically active moiety derived from a biologically active moiety or nucleophile, i.e. native or

20 unmodified drug. These linkages are ester linkages designed to hydrolyze at a rate which generates sufficient amounts
of the biologically active parent compound in a suitable time period so that therapeutic levels of the parent therapeutic

moiety or moieties are delivered prior to excretion from or inactivation by the body. The term "sufficient amounts" for

purposes of the present invention shall mean an amount which achieves a therapeutic effect as such effect is under-

stood by those of ordinary skill in the art.

25 [0027] In one preferred embodiment of the invention, the prodrug compound of the Invention has the formula

DO-CO-CH(R 1
)-NH-R

2
(I)

30 wherein

D is a residue of a drug having an ester-forming hydroxy! group,

R2 Is a residue of a water soluble polyalkylene oxide or activated polyalkylene oxide having a molecular weight

of from 20,000 to 80,000, and

the moiety -CO-CH(R 1)-NH- is a residue of an (/) amino acid, a (d) amino acid or a mixture of (0 and (d) amino acid.

35 [0028] Preferably, the polymer portion, designated R2 herein, Is further substituted with a terminal capping moiety

(Z) which Is distal to the primary linkage attaching D to the polymer. A non-limiting list of suitable capping groups

includes OH, alkyl moieties, and biologically active and inactive moieties.

[0029] In another preferred embodiment of the Invention, the prodrug compound of the Invention has the formula

40

[D-0-CO-CH(R
1
)-NH-]2R

3
(II)

wherein

D is a residue of a drug having an ester-forming hydroxy I group,
45 R3 is a residue of a water soluble polyalkylene oxide or activated polyalkylene oxide having a molecular weight

of from 20,000 to 80,000, and

the moiety -CO-CH(R 1)-NH- is a residue of an (/) amino acid, a (d) amino acid or a mixture of (fl and (d) amino acid.

[0030] In preferred aspects of the Invention, the linkage attaching D to the polymer includes an amino acid ester

spacer such as alanine or phenylalanine.
so

B. THE PRODRUG LINKAGE

1 . The Amino Acid Portion of the Linker

55
[0031 ] As mentioned above in Section A

t
one aspect of the invention includes using an amino acid ester spacer such

as alanine within the linkage attaching the polymer R2 to the biologically active moiety D. This portion of the linkage

can be attached to the D portion directly as illustrated In Figure 1 using t-Boc-/(or dor racemic) -alanine or by converting

4
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a PEG acid or diacid with the h or d-alanine-t-butyl ester as shown, for example, in Figure 2.

2. Hydrolysis and Parent Drug Regeneration

5 [0032] The prodrug compounds of the present invention are designed so that in plasma the T1/2 circulation is greater

than the T1/2 hydrolysis, which In turn is greater than theT1/2 for elimination, i.e.

T1/2 circulation >T1/2
hydrolysis > T

1/2
elimination.

to

[0033] The prior art had several shortcomings associated with Its approach to providing polymer based prodrugs.

For example, in some cases, the molecular weight of the polymer was insufficient, i.e. 10,000 Daltons or less, regardless

of the linkage used to attach the parent drug to the polymer. In other cases, a polymer of sufficient molecular weight

was proposed but the linkage was not designed to allow sufficient in vivo hydrolysis and release of the parent molecule.

is The compounds of the present Invention overcome these shortcomings by including not only polymers of sufficient

weight but also linkages which meet the criteria discussed above.

[0034] As preferred in the embodiment discussed above, the ester-based linkages included in the compounds have

a T 1/2 hydrolysis in the plasma of the mammal being treated which is long enough to allow the parent compounds to

be released prior to elimination. Some preferred compounds of the present invention have plasma T1/2 hydrolysis rates

20 ranging from about 30 minutes to about 12 hours. Preferably, the compounds have a plasma T1/2 hydrolysis ranging

from about 1 to about 8 hours and most preferably from about 2.5 to about 5.5 hours. The compounds thus provide a

distinct advantage over the rapidly hydrolyzed prodrugs of the prior art, such as those described in U.S. Patent No.

4,943,579 which are all about 45 minutes or less and are of limited practical value. The parent compounds appear to

be rapidly regenerated in vivo and quickly eliminated from circulation. While Applicants are not bound by theory, in

23 those aspects of the invention where prodrugs are formed, regeneration of sufficient amounts of the parent compound
during the time the prodrug remains in circulation is believed to be a key to providing an effective prodrug compound.

C. SUBSTANTIALLY NON-ANTIGENIC POLYMERS

30 [0035] The prodrug compounds of the present Invention include a water-soluble polyalkylene oxide such as polyeth-

ylene glycols which are also preferably substantially non-antigenic. It will be understood that the water-soluble poly-

alkylene oxide will be functionalized for attachment to the alpha-amino group of the amino acid linker.

[0036] In particular, polyethylene glycols (PEG'S), mono-activated, C^.A alkyl-terminated PAO's such as mono-me-

thyl-terminated polyethylene glycols (mPEG's) are preferred when mono- substituted polymers are desired; bls-acti-

35 vated polyethylene oxides are preferred when disubstituted prodrugs are desired. In order to provide the desired hy-

drolyzable linkage, mono- or di-acid activated polymers such as PEG acids or PEG diacids are used. Suitable PAO
acids can be synthesized by converting mPEG-OH to an ethyl ester. See also Gehrhardt, H., et al. Polymer Bulletin

18: 487(1987) and Veronese, F.M., et al., J. Controlled Release 10; 145 (1989). Alternatively, the PAD-acid can be

synthesized by converting mPEG-OH into a f-butyl ester. See, for example, commonly assigned U.S. Patent Application

40 Serial No. 08/440,732 filed May 1 5, 1 995. The disclosures of each of the foregoing are incorporated by reference herein.

[0037] Although PAO's and PEG'S can vary substantially in molecular weight, polymers having molecular weight

ranges of at least 20,000 are preferred. Polymers ranging from about 20,000 to about 80,000 are selected for the

purposes of the present invention. Molecular weights of from about 25,000 to about 45,000 are preferred and 30,000

to about 42,000 are particularly preferred. The molecular weight of the polymer selected for inclusion in the prodrug

45 must be sufficient so as to provide sufficient circulation of the prodrug during hydrolysis of the linker

[0036] The polymeric substances included herein are preferably water-soluble at room temperature. A non-limiting

list of such polymers include polyalkylene oxide homopolymers such as polyethylene glycol (PEG) or polypropylene

glycols, polyoxyethylenated polyols, copolymers thereof and blockcopolymers thereof , provided that the water solubility

of the block copolymers Is maintained.

so [0039] As mentioned above, the prodrugs of the present invention include one or two equivalents of drug per equiv-

alent of the polymer. As such, preferred polymers can be functionalized to form the bis-prodrugs when reacted with a

sufficient amount of a parent compound.

[0040] Although, the prodrugs of the present invention can be formed using any of the substantially non-antigenic

polymers described herein, the following polyalkylene oxide derivatives, i.e. PEG-acids and PEG-diacids are especially

55 preferred for use In formation of the prodrug.

[0041] It will be clear from the foregoing that other polyalkylene oxide derivatives of the foregoing, such as the poly-

propylene glycol acids, POG acids, etc., as well as other bifunctional linking groups are also contemplated.

5
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D. PRODRUG CANDIDATES

1 . Taxanes and Taxane Derivatives

[0042] One class of compounds included in the prodrug compounds of the present invention is taxanes. For purposes

of the present invention, the term laxane" includes all compounds within the taxane family of terpenes. Thus, taxol

(paclitaxel), 3'-substituted tert-butoxy-camonyl»amine derivatives (taxoteres) and the like as well as other analogs avail-

able from, for example, Sigma Chemical of St. Louis, Missouri are within the scope of the present Invention. Repre-

sentative taxanes are shown below.

Paclitaxel: R,' « C4H,; R2' - CHjCO

Taxotere: R,1 » (CH&CO; R,
1 -H

[0043] These compounds have been found to be effective anti-cancer agents. Numerous studies indicate that the

agents have activity against several malignancies. To date, their use has been severely limited by, among other things,

their short supply, poor water solubility and hypersensitivity. It is to be understood that other taxanes including the

7-aryl-carbamates and 7-carbazates disclosed in commonly assigned U.S. Patent Nos. 5,622,986 and 5,547,981 can

also be included in the prodrugs of the present invention. The contents of the foregoing U.S. patents are incorporated

herein by reference.

[0044] Although the examples describe inter alia paclitaxel for illustrative purposes, it is to be understood that the

methods described herein are suitable for all taxanes and related molecules. The only limitation on this provision is

that the selected taxanes must be capable of undergoing 2' position modifications described herein. Paclitaxel, however,

is a preferred taxane.

[0045] Synthesis of the taxane-based prodrugs of the invention is set forth below in section E and in the Examples.

In general, however, a taxane having the ^-position available for substitution is reacted with a suitably activated polymer

such as a PEG acid under conditions sufficient to cause the formation of a 2' ester linkage between the two substituents.

The corresponding diestercan be prepared by reacting at least about 2 equivalents of taxane per polymer diacid. Even

when two equivalents of taxane are reacted with the polymer diacid, the resulting conjugate can contain minor amounts

(i.e. up to 25%) by weight of a monoester species containing an acyl urea or carboxylic acid distal to the polyrner-

taxane linkage with regard to the polymer. These compositions are also capable of delivering a biological effect. It is

preferred that the polymer acid have a molecular weight of at least about 20,000. See Figure 3 as illustrative example.

2. Camptothecln and Related Topolsomerase I Inhibitors

[0046] Camptothecin is a water-insoluble cytotoxic alkaloid produced by camptoteca accuminata trees Indigenous

to China and nothapodytes foetida trees indigenous to India. Camptothecin and related compounds and analogs are

also known to be potential anticancer or antitumor agents and have been shown to exhibit these activities in vitro and

in vivo . Camptothecin and related compounds are also candidates for conversion to the prodrugs of the present Inven-

tion. See, for example, U.S. Patent No. 5,004,758 and Hawkins, Oncology , December 1992, pages 17-23. Camp-
tothecin and related analogues have the structure:

6
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00

H3C/#..^'OHO

20(S)-Cainptotbedn

Camgtflihcdn analogues Eastian.

CH2N(CH3h
2 Ifi

Topotecan OH

CPT-11
-CHrCH3

O

Additional camptothecin analogs Include those reported In the literature Including the 1 0-hydroxycamptotheclns, 1 1 -hy-

droxycamptothecins and/or 1 0,11 -dihydroxycamptothecins, 7-and/or 9- alky I, substituted alkyl, eye Ioalky I, alkoxy, alke-

nyl, aminoalkyl, etc. camptothecins, A-ring substituted camptotheclns such as 1 0, 1 1 -alkylenedioxycamptothecins , such

as those disclosed in U.S. Patent No. 5,646,159, the contents of which are incorporated herein by reference, etc.

[0047] Formation of a monoester camptothecin prodrug can be accomplished by reacting one or more equivalents

of a suitably (acid) activated polymer with one equivalent of the camptothecin derivative under conditions sufficient to

effectively convert the 20- OH to an ester-linked polymeric based prodrug. Camptothecin diesters are similarly prepared

by reacting at least about 2 and preferably greater equivalents of the camptothecin with a suitably prepared PAO diacid.

Details concerning the reaction schemes and conditions are provided in Section E, below, Figure 1 , and in the Exam-
ples.

[0048] In addition to the foregoing camptothecin analogs, it has been found that new 20(S)camptothecin-mono-PEG

ester compounds can be formed when a diacid PEG is used with certain carbodiimide condensing agents with the

appropriate stoichiometry. For example, the alpha terminus of the polymer is converted to a camptothecin-PEG ester

and the omega terminus of the PEG diacid is convened from the acid to an acyl dlalkyl urea, depending on the dialkyl

carbodiimide employed to effect conjugation. These derivatives show antitumor activity in vivo and upon NMR inspec-

tion, cross- linking was found to be negligible. In most preferred aspects, however, bis- prodrug camptothecin com-

pounds are formed by linking each of the alpha and omega termini of the polymer to the 20 S position of camptothecin

when a carbodiimide is used as the condensing agent. In alternative aspects, higher amounts of the diester can be

obtained by the use of a Mukaiyama reagent, i.e. 2-chloro-l-methylpyridinlum iodide.

3. Additional Biologically-Active Moieties

[0049] In addition to the foregoing molecules, the prodrug formulations of the present invention can be prepared

using many other compounds. For example, biologically-active compounds such as cis-platin derivatives containing

OH groups, i.e.
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OH

mono- and bls-PEG esters derived from floxuridine, shown below:

id
- I

podophyilotoxin, shown below:

and related compounds can be Included. The prodrug ester can be formed at the 2-hydroxy position for the "A" cis-

platin derivative, the 2-hydroxyethyl position of the "B" cls-platln derivative, the 3' and 5' hydroxy positions of floxuridine

and at the C-4 hydroxy for podophyilotoxin.

[0050] The parent compounds selected for prodrug forms need not be substantially water-insoluble, although the

polymer-based prodrugs of the present invention are especially well suited for delivering such water-insoluble com-

pounds. Other useful parent compounds include, for example, certain low molecular weight biologically active proteins,

enzymes and peptides, including peptide gtycans, as well as other anti-tumor agents, cardiovascular agents such as

forskolin, antineoplastics such as combretastatin, vinblastine, vincristine, doxorubicin, AraC, maytansine, etc. anti-

infectives such as vancomycin, erythromycin, etc. anti-fungals such as nystatin or amphoteracln B, anti-anxiety agents,

gastrointestinal agents, central nervous system-activating agents, analgesics, fertility or contraceptive agents, anti-

inflammatory agents, steroidal agents, antl-urecemlc agents, cardiovascular agents, vasodilating agents, vasocon-

strlcting agents and the like.

[0051] The foregoing is illustrative of the biologically active moieties which are suitable for the prodrugs of the present

invention. It is to be understood that those biologically active materials not specifically mentioned but having suitable

ester-forming groups, i.e. hydroxy! moieties, are also Intended and are within the scope of the present invention. It Is

also to be understood that the prodrug conjugates of the present invention may also Include compounds containing

not only one equivalent of drug and polymer but also a moiety which does not effect bio activity in vivo. For example,

it has been found that in some instances, in spite of reacting diacids with drug molecules having a single linkage point,

8
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the reaction conditions do not provide prodrugs with two equivalents of drug per polymer. On the contrary, the prodrugs

contain only one equivalent of drug per polymer. By- products of the reactants such as acyl ureas can be formed.

Furthermore, it has also been found that in spite of the reaction with a bis-activated polymer, the prodrugs are remark-

ably free of crosslinked species.

s [0052] The only limitation on the types of molecules suitable for inclusion herein is that there is at least one position

on which the hydrolyzable linkage can be attached, so that after prodrug administration, the prodrug can regenerate

sufficient quantities of the parent compound in vivo.

E. SYNTHESIS OF PRODRUGS
10

[0053] Generally, the prodrugs of the invention are prepared by:

1) providing an activated polymer, such as a PEG-acid or PEG-diacid and a parent compound having a position

thereon which will allow a hydrolyzable linkage to form, and

15 2) reacting the two substituents in an inert solvent such as methylene chloride, chloroform, toluene or DMF In the

presence of a coupling reagent such as 1 ,3-diIsopropylcarbodiimide (DIPC), 1 ,(3-dimethyl aminopropyl) 3-ethyl

carbodiimide (EDC), any suitable dialkyl carbodiimide, Mukaiyama reagents, (e.g. 2-halo-1-alkyl-pyridinium hali-

des) or propane phosphonic acid cyclic anhydride (PPACA), etc. which are available, for example from commercial

sources such as Sigma Chemical, or synthesized using known techniques and a base such as dimethylamlnopy-

20 ridine (preferred), diisopropyl ethylamine, pyridine, triethylamine, etc. at a temperature from 0°C up to 22°C (room

temperature).

[0054] In another preferred aspect of this embodiment, the synthesis method provides polymer-based prodrugs hav-

ing a circulation half-life greater than their in-vivo hydrolysis half-life. The method includes:

25

reacting a biologically active moiety containing an available hydroxyl group with an amino acid spacer moiety

containing an available carboxylic acid group in the presence of a first coupling agent to form a biologically active

moiety - spacer prodrug intermediate,

reacting the biologically active moiety - spacer prodrug intermediate with a substantially non-antigenic polymer

30 containing a terminal carboxylic acid group in the presence of a second coupling agent and recovering the polymer-

based prodrug.

The first and second coupling agents can be the same or different.

[0055] Examples of suitable Afunctional spacer groups include /-alanine and ^-alanine, etc.

35 [0056] An illustrative example of method of preparing the conjugates using camptothecln derivatives as the proto-

typical biologically active nucleophile includes the steps of:

forming a camptothecin derivative containing an amino acid spacer containing moiety, by contacting the camp-

tothecin derivative with an amino acid spacer containing moiety such as tBoc-d or / alanine in the presence of a

40 coupling agent such as DIPC or PPAC;

forming the trihaloacetic acid derivative of the camptothecin derivative containing the amino acid spacer containing

moiety such as the trlfluoroacetic acid salt; and

reacting the trihaloacetic acid derivative of the camptothecin derivative containing the amino acid spacercontaining

moiety with a diacid derivative of a substantially non-antigenic polymer such as a PEG diacid. The resultant com-

45 pound is recovered using known techniques.

[0057] Alternative and specific syntheses are provided in the examples. One particular alternative, however, includes

derivatizing the biologically active moiety in the position desired for the linkage and thereafter reacting the derivative

with an activated polymer.

so

G. METHODS OF TREATMENT

[0058] In the present invention various methods of treatment for various medical conditions in mammals are involved.

The methods include administering to the mammal in need of such treatment, an effective amount of a prodrug, such

55 as a paclltaxel 2'-PEG ester, which has been prepared as described herein. The compounds are useful for, among

other things, treating neoplastic disease, reducing tumor burden, preventing metastasis of neoplasms and preventing

recurrences of tumor/neoplastic growths in mammals.

[0059] The amount of the prodrug administered will depend upon the parent molecule included therein. Generally,

9
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the amount of prodrug used in the treatment methods is that amount which effectively achieves the desired therapeutic

result in mammals. Naturally, the dosages of the various prodrug compounds will vary somewhat depending upon the

parent compound, rate of in vivo hydrolysis, molecular weight of the polymer, etc. In general, however, prodrug taxanes

are administered in amounts ranging from about 5 to about 500 mg/m2 per day, based on the amount of the taxane

5 moiety. Camptothecin and podophyllotoxin prodrugs are also administered in amounts ranging from about 5 to about

500 mg/m2 per day. The range set forth above is illustrative and those skilled in the art will determine the optimal dosing

of the prodrug selected based on clinical experience and the treatment indication.

[0060] The prodrugs of the present invention can be included in one or more suitable pharmaceutical compositions

for administration to mammals. The pharmaceutical compositions may be in the form of a solution, suspension, tablet,

10 capsule or the like, prepared according to methods well known in the art. It is also contemplated that administration of

such compositions may be by the oral and/or parenteral routes depending upon the needs of the artisan, in preferred

aspects of the invention, however, the prodrugs are parenterally administered to mammals in need thereof.

H. EXAMPLES
15

[0061] The following examples serve to provide further appreciation of the invention but are not meant in any way

to restrict the effective scope of the invention. The numbers shown in bold In parentheses In the Examples correspond

to the compounds shown in the schematic diagrams set forth in the Figures.

20 EXAMPLE 1 (intermediates)

a) Camptothecln-20-O-(/) Alanate TFA salt (23):

[0062] Referring now to Figure 1 , tBoc-AAIanine (1 .8 g, 9.39 mmol) was dissolved in 700 mL of anhydrous methylene

23 chloride at room temperature. To this solution, DIPC (1 .5 ml 9.39 mmol), DMAP (765 mg, 6.26 mmol) and camptothecin

(1 .09 g, 3.13 mmol) were added at 0°C. The reaction mixture was allowed to warm to room temperature and left for

16 hours. The solution was washed with 0.1 N HCI, dried and evaporated under reduced pressure to yield a white solid

which was recrystallized from methanol to give Camptothecin-20-O-ester of t-Boc-AAIanine 21. 1H NMR(DMSO-D6):

5 0.9(t), 1.3(d). 1 .6(s), 2.1 (m), 4(m), 5.3(s), 5.5(s), 7.3(s), 7.5-B.8(m).

30 [0063] Compound 21 (1 . 1 9 g t 2.1 2 mmol) was dissolved in a mixture of methylene chloride (1 5 ml) and trifluoroacetlc

acid (1 5 ml) and stirred at room temperature for I hour. The solvent was removed and the solid was recrystallized from

methylene chloride and ether to give (I g) of product 23 as the TFA salt.

[0064] 1H NMR(DMSO-De) 5: 1 .0(t), 1.6(d), 2.2(m), 4.4(m), 5.4(s), 5.6(s), 7.2(s), 7.7-8.B(m).

**C NMR (DMSO-D6) 8: 7.5, 15.77, 30.09, 47.8, 50.27, 66.44, 77.5, 94.92, 119.10, 127.82, 128.03, 128.62, 128.84,

35 129.75, 130.55, 131.75, 144.27, 146.18, 147.90, 152.24, 156.45, 166.68, 168.69.

b) Camptothecin-20-O-(dW) Alanate TFA salts:

[0065] The ^alanate and &l racemic alanate were prepared using the same procedures outline above with the

40 respective isomer replacing the tBoc-/-alanate used in Example 1 a).

EXAMPLE 2

Camptothecin-20-O-ester of PEG^^qL-Alanine - Compound 25: Method A:
45

I) PEG (40 kDa) dlcarboxylic acid

a) Di-t-BUTYL ESTER OF PEG (40,000) Dl-CARBOXYLIC ACID

so [0066] A solution of 50 grams (1 .3 mmoles) of PEG-(OH)2 in 750 ml of toluene was azeotroped with the removal of

150 ml of distillate. The reaction mixture was then cooled to 30°C, followed by the addition of 4 ml (4.0 mmoles) of a

I .0 molar solution of potassium t-butoxide in t-butanol. The resulting mixture was stirred for 1 hour at room temperature,

followed by the addition of 1 .6 grams (8.0 mmoles) of t-butylbromoacetate. The resulting cloudy mixture was heated

to reflux, followed by removal of the heat, and stirring for 18 hours at room temperature. The reaction mixture was
55 filtered through celite and the solvent removed by rotary evaporator. The residue was recrystallized from methylene

chloride/ethyl ether to yield 45.2 grams (86% yield). The named product, however was found to be over 99% pure, the

starting material being present in an amount of less than 1.0%. 13CNMR assignments: (CH3)3C, 27.7 ppm; (CH)^
80.9 ppm; C=Q, 169.1 ppm.

10
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b) PEG (40,000) DI-CARBOXYLIC ACID

[0067] A solution of 20.0 grams (0.5 mmoles) of PEG (40,000) carboxylic acid t-butyl ester, 100 ml of trlfluoroacetlc

acid, and 0.1 ml of water in 200 ml of methylene chloride was stirred at room temperature for 3 hours. The solvent was
then removed by rotary evaporation, followed by recrystallization of the residue from methylene chloride/ethyl ether to

yield 16.9 grams (84% yield) of product. Purity of the named product was confirmed to be in excess of 99%. 13CNMR
assignments: C=0, 170.9 ppm.

II Synthesis of the Camptothecin -20-O-Atanate PEG Derivative

[0068] Referring to Figure 1 , PEG^,^ diacid (6.5 g, 0.62 mmol) was dissolved in 60 mL of anhydrous methylene

chloride at room temperature and to this solution at 0°C were added DIPC (148 ul, 0.97 mmol), DMAP (296 mg, 2.43

mmol) and compound 23 (627 mg, 0.97 mmol). The reaction mixture was allowed to warm to room temperature and

left for 16 hours. The solution was washed with 0.1 N HCI, dried and evaporated under reduced pressure to yield 25

as a white solid which was recrystailized from 2-propanol (5.5 g, 83.%). 13C and 1H NMR analysis confirmed the

structure. iaC NMR (CDCI3 ) 5 6.81 ,16.93,30.80,

46.59,49.28,66.17
J
69.77,70.2-71(PEG)

l
76.53,94.79,119.20,127.18,127.53,127.91 t

128.95,129.72,130.68,144.58,145.76,148.05,151.46,156.37,165.99,168.87,170.32.

[0069] The procedure of II was repeated using propane phosphoric acid cyclic anhydride (PPACA) in place of DIPC
in order to form the named compound.

[0070] The racemic mixture is prepared in the same manner.

Ill) Analysis of Camptothecin 20-O-ester of PEG^^, AAIanlne{25):

[0071 ] The UV absorbance of native camptothecin in methylene chloride was determined at 227 nm for five different

concentrations ranging from 4 to 21 u,M. From the standard plot of absorbance vs. concentration, the absorption co-

efficient for camptothecin was calculated to be 2.96 x 104 MoMCnrr 1
. Camptothecin compound 25 was dissolved in

methylene chloride at an approximate concentration of 4 , and the UV absorbance of this compound at 227 nm was
determined. Using this value, and employing the absorption coefficient obtained from above, the concentration of camp-

tothecin in the sample was determined. Thus, dividing this value by thecamptothecin-PEG ester concentration provided

the percentage of camptothecin in the esters.

[0072] Determination of% of camptothecin in the product using the UV method indicated 2 eq. of camptothecin per

PEG molecule.

EXAMPLE 3

Camptothecin-20-O-ester of PEG^^^O-Alanlne - Compound 25: Method B:

[0073] Referring now to Figure 4 for guidance, compound 25 can also be prepared using a similar procedure to that

shown below in Example 10 In order to prepare compound 31, substituting PEG-rf-alanlne 28, or PEG-A alanine 29

(shown In Figure 2) in place of 27.

EXAMPLE 4

Camptothecln-20-O-ester of PEG^^^-Alanlne - Compound 26: Method A:

[0074] As shown in Figure 1 , the title compound is prepared in a similar manner as that used for preparing compound
25 in Example 2 using tBoc-d-Alanine as starting material.

EXAMPLE 5

Camptothecin-20-O-ester of PEG40kDa(o>Alanine - Compound 26: Method B:

[0075] Compound 26 is also prepared using a similar procedure to that described in Example 1 0 for preparing com-

pound 31 and substituting PEG-d-Alanine 29 (See Figure 2) In place of 27. The racemic alanine mixture can also be

prepared using either of the foregoing procedures.

11
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EXAMPLE 6 (not according to invention)

PEQ40kDa*P-A'anlne(27):

[0076] As shown in Figure 2, PEG^^ diacid (3 g, 0.075 mmol) was dissolved in 30 ml_ of anhydrous methylene
chloride at room temperature. To this solution at 0°C were added DIPC (91 .4 u.L 0.72 mmol), DMAP (128 mg, 1.04

mmol) and p-alanine-t-butylester (1 09 mg, 0.59 mmol). The reaction mixture was allowed to warm to room temperature

after 3 hours and left for 16 hours, The solution was washed with 0.1N HCI, dried and evaporated under reduced
pressure to yield PEG^oaP-alanine- t-butyl ester as a white solid which was dissolved in a mixture of methylene
chloride (50 ml) and trlfluoroacetic acid (25 ml) at 0°C for overnight. Solvent was removed and the solid was recrys-

tallized from methylene chloride/ether to give 27 (2.3 g, 77%).

!3C NMR (CDCI3) 5: 32.99, 33.62, 68.10, 69.72, 169.08, 172.04.

EXAMPLE 7 (intermediate)

PEQ40kDa-<*.AIanlne(28):

[0077] As shown in Figure 2, the title compound is prepared by using a similar procedure to that used for synthesizing

compound 27 in Example 6, substituting (d)-alanine-t-butyl ester in place of p-alanine-t-butyl ester.

EXAMPLE 8 (intermediate)

PEG40kDa-AAIanlne(29):

[0076] The title compound is prepared by using a similar procedure to that used for synthesizing compound 27 in

Example 6, substituting (fl-alanine-t-butyl ester in place of p-alanine-t-butyl ester. (See Figure 2).

EXAMPLE 9

a) Paclltaxel-2'-0-ester of 27 - Compound 30a (not according to invention)

[0079] Referring to Figure 3, PEG^^ p-alanine (27, 2.3 g, 0.057 mmol) was dissolved in 20 mL of anhydrous
methylene chloride at room temperature. To this solution at 0°C were added DIPC (32 u.L, 0.2 mmol), DMAP (25 mg,
0.2 mmol) and paclltaxel (175.6 mg, 0.2 mmol). The reaction mixture was allowed to warm to room temperature and
left for 16 hours. The solution was washed with 0.1 N HCI, dried and evaporated under reduced pressure to yield 30a
as a white solid (2 g, 87%) which was recrystallized from 2-propanol.

[0080] 13C NMR (CDCI3) 5: 9.08, 14.22, 21.49, 21.89, 22.18, 25.9, 33.55, 34.90, 35.03, 35.21, 42.67, 46.9, 52.22,

57.5 1 , 67.59-71 .96 (PEG), 73.97, 74.60, 75.01 , 80. 1 1 , 83.52, 1 26.32, 1 27. 1 1 , 1 27.57, 1 28.05, 1 28. 1 7, 1 28.65, 1 29.50,

130.79, 131.96, 133.06, 136.75, 141.84, 165.97, 166.77, 167.45, 169.21, 169.70, 170.28, 170.33, 202.82.

b) Paclitaxel-2'-0-ester of 28 - Compound 30b (acc. to invention)

[0081] The procedure of Example 9a was repeated using d-alanine instead of p-alanine to yield compound 30b
(Figure 5).

c) Paclrtaxel-2'-0-ester of 29 - Compound 30c (acc. to invention)

[0082] The procedure of Example 9a was repeated using /-alanine instead of p-alanine to yield compound 30c (Figure

5).

EXAMPLE 10 (not according to invention)

Camptothecln 20-O-ester of 27 - Compound 31

:

[0083] Referring now to Figure 4, PEG4okDa p-alanlne(27, 2.3 g, 0.057 mmol) is dissolved in 20 mL of anhydrous
methylene chloride at room temperature and to this solution at 0°C are added DIPC (32 uA., 0.2 mmol), DMAP (25 mg,
0.2 mmol) and camptothecin (130 mg, 0.25 mmol). The reaction mixture is allowed to warm to room temperature and
left for 1 6 hours. The solution is washed with 01 N HCI, dried and evaporated under reduced pressure to yield 31

.

12
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EXAMPLE 11 (intermediates)

a) PEGukQaphenylalanine (51):

5 [0084] PEG^kDa diacid (9.5g, 0.23 mmol) was dissolved in 20 mL of anhyd methylene chloride at room temperature

and to this solution at 0°C were added DIPC (141 uL, 0.92 mmol), DMAP (197 mg, 1.6 mmol) and phenylalanine-t-

butyl ester (1 76.4mg, 0.92 mmol) at 0°C. The reaction mixture was allowed to warm to room temperature after 3 hours

and left for 16 hours. The solution was washed with 0.1 N HCI, dried and evaporated under reduced pressure to yield

PEG4okDaphenylalanine t-butyl ester as a white solid which was dissolved in a mixture of methylene chloride (50ml)

10 and trlfluoroacetlcacid (25ml) at 0°C for overnight. Solvent was removed and the solid was recrystallized from meth-

ylene chloride/ether to give 51 (7,1 g, 75%).
13C NMR (CDCI3) 539.42,69.59,70.19,169.39,169,46.

b) PEGuufeleucine (52):

13

[0085] PEG^,^ diacld (9.5g, 0.23 mmol) was dissolved in 20 mL of anhyd. methylene chloride at room temperature

and to this solution at 0°C were added DIPC (141 \iL, 0.92 mmol), DMAP (1 97 mg, 1 .6 mmol) and leucine-tbutyl ester

(176.4mg, 0.92 mmol) at 0°C. The reaction mixture was allowed to warm to room temperature after 3 hours and left

for 16 hours. The solution was washed with 0.1N HCI, dried and evaporated under reduced pressure to yield

20 PEG40kDaleucine t-butyl ester as a white solid which was dissolved in a mixture of methylene chloride (50ml )and

trifluoroacetlcacid (25ml) at 0°C for overnight. Solvent was removed and the solid was recrystallized from methylene

chloride/ether to give 52 (7.1g, 75%). 1*C NMR (CDCI3) 8 39.42,69.59,70.19,169.39,169.46.

c) PEG4okDaProHne (53):

25

[0086] PEG^kQa diacid (9.5g, 0.23 mmol) was dissolved in 20 mL of anhyd. methylene chloride at room temperature

and to this solution at 0°C were added DIPC (141 uX, 0.92 mmol), DMAP (197 mg, 1 .6 mmol) and proline-t-butylester

(1 76.4mg, 0.92 mmol) at 0°C. The reaction mixture was allowed to warm to room temperature after 3 hours and left

for 16 hours. The solution was washed with 0.1N HCI, dried and evaporated under reduced pressure to yield

30 PEG4okDaproline t-butyl ester as a white solid which was dissolved in a mixture of methylene chloride(50ml)and trif-

luoroaceticacid (25ml )at 0°C for overnight. Solvent was removed and the solid was recrystallized from methylene

chloride/ether to give 53 (7.1g, 75%). 13C NMR (CDCI3) 8 39,42,69.59,70.19,169.39,169.46.

d) PEGu^methionlne (54):

35

[0087] PEG^kQa diacid (9.5g, 0.23 mmol) was dissolved in 20 mL of anhyd. methylene chloride at room temperature

and to this solution at 0°C were added DIPC (141 jiL, 0.92 mmol), DMAP (197 mg, 1.6 mmot) and meththionine-t-

butylester (176.4mg, 0.92 mmol) at 0°C. The reaction mixture was allowed to warm to room temperature after 3 hours

and left for 16 hours. The solution was washed with 0. 1 N HCI, dried and evaporated under reduced pressure to yield

40 PEG^Qa methionine t-butyl ester as a white solid which was dissolved in a mixture of methylene chloride (50ml) and

trifluoroacetlcacid (25ml )at 0°C for overnight. Solvent was removed and the solid was recrystallized from methylene

chloride/ether to give 54 (7.1g, 75%). ™C NMR (CDCI3) 8 39.42,69.59,70. 1 9,1 69.39, 1 69.46.

EXAMPLE 12
45

Acyclovir-PEG prodrug:

[0088] PEG^ktaL-alanine diacid (29, 1 1 .5g, 0.287mmo I) is dissolved in 200 mL of anhydrous methylene chloride at

room temperature and to this solution at 0°C are added DIPC (0.175ml, 1 .15mmol u.L), DMAP (140 mg, 1 .15mmol)

so and acyclovir (258 mg, 1.15 mmol). The reaction mixture is allowed to warm to room temperature after 2 hours and

left for 1 6 hours. The solution is concentrated to about 1 00 ml and filtered through celite and the filterate Is evaporated

under reduced pressure to yield acyclovir-PEG prodrug as a solid which is recrystallized from Cr-^CI^ether.

EXAMPLE 13
55

Amoxlclllln-PEQ prodrug:

[0089] PEG^Hjaphenylalanine diacid (51,11 .5g, 0.287mmoi) is dissolved in 200 mL of anhydrous methylene chloride

13
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at room temperature and to this solution at 0°C are added DIPC (0.175ml, 1 .15mmol u.L), DMAP (140mg, 1 .15mmol)

and amoxicillin (419mg, 1.15 mmol). The reaction mixture is allowed to warm to room temperature after 2 hours and

left for 1 6 hours. The solution is concentrated to about 1 00 ml and filtered through celite and the fliterate is evaporated

under reduced pressure to yield amoxicillln-PEG prodrug as a solid which is recrystallized from Ch^Cl^ether.
5

EXAMPLE 14

Fluconazole-PEG prodrug:

io [0090] PEG^KoJeucine diacid (52, 11.5g, 0.287mmol) is dissolved in 200 mL of anhydrous methylene chloride at

room temperature and to this solution are added DIPC (0.175ml, 1.15mmol \iL), DMAP (140mg, 1.15mmol) and fluco-

nazole (352mg, 1.15 mmol) at 0°C. The reaction mixture is allowed to warm to room temperature after 2 hours and

left for 1 6 hours. The solution is concentrated to about 1 00 ml and filtered through celite and the filterate is evaporated

under reduced pressure to yield fluconazole-PEG prodrug as a solid which is recrystallized from ChkCl^ether.
15

EXAMPLE 15

Floxurldlne-PEQ prodrug:

20 [0091] PEG^KQaproline diacid (53, 0.5g, 0.0125mmol,) is dissolved in 20 mL of anhydrous methylene chloride at

room temperature and to this solution are added 2-chloro-1 -methylpyridinium iodide (1 7mg, 0.067 mmol), DMAP (1 7mg,

0.14mmol) and floxuridine (13mg, 0.049mmol) at 0°C. The reaction mixture Is allowed to warm to room temperature

after 2 hours and left for 16 hours. The solution is concentrated to about 100 ml and filtered through celite and the

filterate is evaporated under reduced pressure to yield floxuridine-PEG prodrug as a solid which is recrystallized from

25 CH2Cls/ether.

Claims

30 1 . A prodrug compound having the formula (I) or (I I):

DO-CO-CH(R 1
)-NH-R

2
(I)

35
1 a

[D-0-CO-CH(R>NH-]2R
3

(II)

wherein

D is a residue of a drug having an ester-forming hydroxyl group,

R2 and R3 are a residue of a water soluble polyalkylene oxide or activated polyalkylene oxide having a molecular

weight of from 20,000 to 80,000, and
the moiety -CO-CHfR^-NH- Is a residue of an (/) amino acid, a (d) amino acid or a mixture of (/) and (d) amino acid.

2. A prodrug compound according to claim 1 , wherein said amino acid Is selected from the group consisting of (d)

and/or (/) alanine and phenylalanine.

50

3. A prodrug compound according to claim 1 or 2, wherein said polyalkylene oxide is a polyethylene glycol.

4. A prodrug compound according to any one of claims 1 -3, wherein said polyalkylene oxide has a molecular weight

of from 25,000 to 45,000.

5. A prodrug compound according to claim 4, wherein said polyalkylene oxide has a molecular weight of from 30,000

to 42,000.

6. A prodrug compound according to any one of claims 1-5, wherein R2 Is capped with a alkyl group.

7. A prodrug compound according to any one of claims 1 -6, wherein said drug Is selected from the group consisting

14
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of biologically active proteins, enzymes, peptides, anti-tumor agents, cardiovascular agents, anti-neoplasties, anti-

infectives, anti-fungals, anti-anxiety agents, gastrointestinal agents, central nervous system-activating agents, an-

algesics, fertility agents, contraceptive agents, anti-inflammatory agents, steroidal agents, antl-urecemic agents,

vasodilating agents, and vasoconstricting agents.

8. A prodrug compound according to claim 7, wherein said drug is selected from the group consisting of paclitaxel,

taxotere, camptothecin, podophyllotoxin, and fioxuridine.

9. A prodrug compound according to claim 1 , having the formula

D-0-CO-CH(CH
3
)-NH.CO.CH 2

-O.PEG-0-CH2-CO-NH-CH(CH3)-CO-0-D

wherein D is a residue of the drug camptothecin bound via the 20(S)-OH group, the moiety -CO-CH(CH3)-NH- is

a residue of (/) or (d) alanine, and PEG is polyethylene glycol with a molecular weight of about 40 kDa.

10. A prodrug compound according to claim 1 ,
having the formula

D-O-CO-CH(CH3)-NH-C0-CH2-0-PEG-0-CH2-C0-NH-CH(CH3)-C0-O-D

wherein D is a residue of the drug paclitaxel bound via the 2'-OM group, the moiety -CO-CH(CH3)-NH- is a residue

of (J) or (d) alanine, and PEG is polyethylene glycol with a molecular weight of about 40 kDa.

11. A prodrug compound according to claim 1 ,
having the formula

D-0-CO-CH(CH3)-NH-CO-CH2-0-PEG-0-CH2-CO-NH-CH(CH3)-CO-0-D

wherein D is a residue of the drug acyclovir, the moiety -CO-CI^CI-y-NH- is a residue of (I) alanine, and PEG is

polyethylene glycol with a molecular weight of about 40 kDa.

12. A prodrug compound according to claim 1 , having the formula

D-0-CO-CH(CH2C6H5)'NH-CO-CH2-0-PEG-0-CH2-CO-NH-CH(CH2C6H5)-CO-0-D

wherein D is a residue of the drug amoxicillin, the moiety -CO-CH(CH2C6H5)-NH- is a residue of phenylalanine,

and PEG is polyethylene glycol with a molecular weight of about 40 kDa.

13. A prodrug compound according to claim 1 , having the formula

D-0-CO-CH[CH2CH(CH3 )2]-NH-CO-CH2-0-PEG-0-CH2-CO-NH-CH[CH2CH(CH3 )2
]-CO-0-D

wherein D is a residue of the drug fluconazole, the moiety -CO-CH[CH2CH(CH3)2)-NH- is a residue of leucine, and

PEG is polyethylene glycol with a molecular weight of about 40 kDa.

14. A prodrug compound according to claim 1 ,
having the formula

D-0-proline-CO-CH2-0-PEG-0-CH2-CO-proline-0-D

wherein D is a residue of the drug fioxuridine, the moiety proline is a residue of proline, and PEG is polyethylene

glycol with a molecular weight of about 40 kDa.

15. A prodrug compound according to any one of the preceding claims for use as a medicament.

15
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16. Use of a prodrug compound according to any one of claims 1 -14 for the manufacture of a medicament.

17. Use according to ciaim 16 wherein the (/) and/or (d) amino acid linkage between the drug moiety and potyalkylene

oxide moiety is chosen such as to achieve a desirable balance between the rate of linkage hydrolysis and the rate

of prodrug clearance from the body.

18. A method of preparing a prodrug compound as defined in any one of the claims 1-14 having a circulation half-life

greater than Its In-vivo hydrolysis half-life, comprising:

reacting a drug moiety having an ester-forming hydroxy! group with an amino acid spacer moiety containing

an available carboxylic acid group in the presence of a first coupling agent to form a drug - spacer prodrug

Intermediate,

reacting said drug - spacer prodrug intermediate with a water soluble potyalkylene oxide or activated poly-

alkylene oxide having a molecular weight of from 20,000 to 80,000 and containing a terminal carboxylic acid

group in the presence of a second coupling agent and recovering the prodrug compound.

19. A method according to claim 18, wherein said drug is selected from the group consisting of biologically active

proteins, enzymes, peptides, anti-tumor agents, cardiovascular agents, anti-neoplastics, anti-infectives, anti-fun-

gals, anti-anxiety agents, gastrointestinal agents, central nervous system-activating agents, analgesics, fertility

agents, contraceptive agents, anti-inflammatory agents, steroidal agents, anti-urecemic agents, vasodilating

agents, and vasoconstricting agents.

20. A method according to claim 1 8 or 1 9, wherein said amino acid spacer moiety is selected from the group consisting

of (/) amino acids, (d) amino acids and a mixture of (/) and (d) amino acids.

21. A method according to claim 20, wherein said amino acid spacer moiety is selected from the group consisting of

(/) and/or (d) alanine and phenylalanine.

22. A method according to any one of claims 1 8-21 , wherein said first and said second coupling agents are independ-

ently selected from the group consisting of 1 ,3-diisopropylcarbodiimide (DIPC), dialkyl carbodiimides, 2-halo-

1 -alkyl-pyridinium halides, 1 -(3-dimethylaminopropyl)-3-ethyl carbodiimide (EDC), propane phosphonic acid cyclic

anhydride (PPACA) and carbodiimide (CDI).

23. A method according to any one of claims 18-22, wherein said polyalkylene oxide is a polyethylene glycol.

PatentansprQche

1. Prodrug-Verbindung der Formel (I) oder (II)

D-0-CO-CH(R
1

)-NH-R
2

(I)

[D-0-CO-CH(R
1

)-NH-]2R
3

(II)

worin

D der Rest eines Arznelmittels mlt einer esterbildenden Hydroxygruppe 1st,

R2 und R3 der Rest eines wasserldslichen Polyalkylenoxids oder aktivierten Polyalkylenoxids mit einem Moleku-

largewicht von 20.000 bis 80.000 sind und

der Antell -CO-CH(R 1 )-NH- der Rest elner (€)-Aminosaure, elner (d)-Aminosaure oder elner Mlschung einer (f)-

und einer (d)-Aminosaure ist.

2. Prodrug-Verbindung gemass Anspruch 1 , worin die AminosSure ausgewahlt ist aus der Gruppe, bestehend aus

(d)- und/oder (Q-Alanln und Phenylalanin.

3. Prodrug-Verbindung gemass Anspruch 1 oder 2, worin das Polyalkytenoxld ein Polyethylenglykol Ist.
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4. Prodrug-Verbindung gemass einem der Anspruche 1 bis 3, worin das Polyalkylenoxid ein Molekulargewicht von
25.000 bis 45.000 besitzt.

5. Prodrug-Verbindung gemass Anspruch 4, worin das Polyalkylenoxid ein Molekulargewicht von 30.000 bis 42.000
besitzt.

6. Prodrug-Verbindung gemass einem der Anspruche 1 bis 5, worin R2 mit einer C^-Alkylgruppe verkappt ist.

7. Prodrug-Verbindung gemass einem der Anspruche 1 bis 6, worin das Arzneimittel ausgewahlt ist aus der Gruppe,
bestehend aus blologlsch aktlven Proteinen, Enzymen, Peptiden, Antitumormitteln, kardlovaskulaVen Mitteln, An-
tineoplastika, infektionsverhindernden Mitteln, Antimykotika, Anxiolytika, gastrointestinaien Mitteln, das Zentral-

nervensystem aktivierenden Mitteln, Analgetika, fertilitfitssteigernden Mitteln, Kontrazeptiva, entzundungshem-
menden Mitteln, Steroiden, antiuramischen Mitteln, Vasodilatatoren und Vasokonstriktoren.

8. Prodrug-Verbindung gemass Anspruch 7, worin das Arzneimittel ausgewahlt ist aus der Gruppe, bestehend aus
Paclitaxel, Taxoter, Camptothecin, Podophyllotoxin und Floxuridin.

9. Prodrug-Verbindung gemass Anspruch 1 mit der Formel

D-0-CO-CH(CH
3)-NH-CO-CH2-0-PEG-0-CH2-

CO-NH-CH(CH3)-CO-0-D

worin D ein Rest des uber die 20(S)-OH-Gruppe gebundenen Arzneimittels Camptothecin ist, der Anteil -CO-CH
(CH3)-NH- ein Rest von (€)- oder (d)-Alanin ist und PEG Polyethylenglykol mit einem Molekulargewicht von etwa
40 kDa ist.

10. Prodrug-Verbindung gemass Anspruch 1 mit der Formel

D-0-CO-CH(CH3)-NH-CO-CH2-0-PEG-0-CH2
-

CO-NH-CH(CH3)-CO-0-D

worin D der Rest des Ober die 2'-OH-Gruppe gebundenen Arzneimittels Paclitaxel ist, der Anteil -CO-CH(CH3)

-NH- ein Rest von (€)- Oder (d)-Alanin ist und PEG Polyethylenglykol mit einem Molekulargewicht von etwa 40 kDa
ist.

11. Prodrug-Verbindung gemass Anspruch 1 mit der Formel

D-0-CO-CH(CH3)-NH-CO-CH2-0-PEG-0-CH2
-

CO-NH-CH(CH
3)-CO-0-D

worin D der Rest des Arzneimittels Acyclovir Ist, der Anteil -CO-CH(CH3)-NH- ein Rest von (£)-Alanln ist und PEG
Polyethylenglykol mit einem Molekulargewicht von etwa 40 kDa Ist.

12. Prodrug-Verbindung gemass Anspnjch 1 mit der Formel

D-0-CO-CH(CH2C6H5)-NH-CO-CH2-0-PEG-0-CH2-CO-

NH-CH(CH2C6H5)-CO-0-D

worin D der Rest des Arzneimittels Amoxicillin ist, der Anteil -CO-CH(CH2C6Hg)-NH- ein Rest von Phenylalanin

Ist und PEG Polyethylenglykol mit einem Molekulargewicht von etwa 40 kDa Ist.
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13. Prodrug-Verbindung gemass Anspruch 1 mitderFormel

D-O-C0-CH[CH2CH(CH3 )2
]-NH-C0-CH

2-O-PEG.O-

CH 2
-CO-NH-CH[CH2CH(CH 3 )2]-CO-0"D

worin D ein Rest des Arzneimlttels Fluconazol 1st, der Anteil -CO-CH(CH2CH(CH3)2)-NH- ein Rest von Leucin ist

und PEG Potyethylenglykol mit einem Molekulargewicht von etwa 40 kDa ist.

14. Prodrug-Verbindung gem§ss Anspiuch 1 mit der Formal

D-0-ProlIn^CO"CH 2-0-PEG-0-CH2-CO-Prolin-0-D

worin D ein Rest des Arzneimittels Floxuridin ist, der Anteil Prolin ein Rest von Prolin ist und PEG Polyethylenglykol

mit einem Molekulargewicht von etwa 40 kDa ist.

15. Prodrug-Verbindung gem&ss einem der vorangehenden Anspruche zur Verwendung als Medlkament.

1 6. Verwendung einer Prodrug-Verbindung gem&ss einem der Anspruche 1 bis 1 4 zur Herstellung eines Medikaments.

17. Verwendung gemass Anspruch 16, worin die (€}- und/oder (d)-Aminosaureverknupfung zwischen dem Arzneimit-

telanteil und dem Polyalkylenoxidanteil derart ausgewahlt ist, dass ein gewunschtes Gleichgewicht zwischen der

Verknupfungshydrolyserate und der Prodrug-Clearancerate aus dem Korper erzielt wird.

18. Verfahren zur Herstellung einer Prodrug-Verbindung gemass einem der Anspruche 1 bis 14, mit einer Zirkulati-

onshalbwertszeit, die hdher als ihre in vivo-Hydrolysehalbwertszeit ist, umfassend:

Umsetzen eines Arzneimittelanteils mit einer esterbildenden Hydroxygruppe, mit einem Aminosaurespacer-

anteil, enthaltend eine verfugbare Carbons&uregruppe, in Gegenwart eines ersten Kupplungsmittels zur Bil-

dung eines Arznelmittelspacer-Prodrug-Zwischenprodukts,

Umsetzen des Arznefmlttelspacer-Prodrug-Zwischenprodukts mit efnem wasserlfislichen Polyalkylenoxid

Oder aktivlerten Polyalkylenoxid mit einem Molekulargewicht von 20.000 bis 80.000 und enthaltend eine ter-

minate Carbons&uregruppe in Gegenwart eines zweiten Kupplungsmittels, und Ruckgewinnung der Prodrug-

Verbindung.

19. Verfahren gemass Anspruch 18, worin das Arzneimittel ausgewahlt ist aus der Gruppe, bestehend aus biologisch

aktiven Proteinen, Enzymen, Peptiden, Antitumormitteln, kardiovaskulfiren Mitteln, Antineoplastika, infektlonsver-

hindernden Mitteln, Antimykotika, Anxiolytika, gastrointestinalen Mitteln, das Zentralnervensystem aktivierenden

Mitteln, Analgetika, fertilitatssteigernden Mitteln, Kontrazeptiva, entzundungshemmenden Mitteln, Steroiden, an-

tluramischen Mitteln, Vasodllatatoren und Vasokonstriktoren.

20. Verfahren gemass Anspruch 18 Oder 19, worin der Aminosdurespaceranteii ausgewahlt ist aus der Gruppe, be-

stehend aus (I) -AminosSuren, (d)-Aminosauren und einer Mischung aus (l)~ und (d)-Aminosauren.

21. Verfahren gemass Anspruch 20, worin der AminosSurespaceranteil ausgewahlt ist aus der Gruppe, bestehend

aus (€)- und/oder (d)-Alanln und Phenylalanln.

22. Verfahren gemass einem der Anspruche 18 bis 21, worin das erste und das zweite Kupplungsmittel unabhflngig

ausgewahlt sind aus der Gruppe, bestehend aus 1 ,3-Diisopropylcarbodiimid (DiPC), Oialkylcarbodiimiden, 2-Ha-

logen-1 -alkylpyridiniumhalogenlden, 1 -(3-Dimethylamlnopropyl)-3-ethylcarbodiimiden (EDC), Propanphosphon-

sSurecycloanhydrid (PPACA) und Carbodlimld (CDI).

23. Verfahren gem&ss einem der Anspruche 18 bis 22, worin das Polyalkylenoxid ein Polyethylenglykol Ist.
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RevendlcatIons

1. Compose precurseur de medicament ayant pour formule (I) ou, (II)

:

D-0-CO-CH(R
1
)-NH-R

2
(I)

[D-0-CO-CH(R
1
)-NH-]2R

3
(ID

ou

D est un reste provenant d'un medicament ayant un groupe hydroxyle formant un ester,

R2 et R3 sont un reste d'un oxyde de polyalkylene ou d'un oxyde de polyalkylene active soluble dans I'eau ayant

une masse moleculaire de 20 000 a 80 000, et

le fragment -CO-CH(R 1 )-NH- est un reste d'un (/) aminoacide ou d'un (d) aminoacide ou d'un melange de (/) et (cr)

aminoacide.

2. Compose precurseur de medicament seton la revendtcatlon 1 , dans lequel ledit aminoacide est choisi dans le

groupe constitue par la (d) et/ou la (/) alanine et la phenylalanine,

3. Compose precurseur de medicament sefon la revendication 1 ou 2, dans lequel ledit oxyde de polyalkylene est

un polyethyleneglycol.

4. Compose precurseur de medicament selon rune quelconque des revendications 1 a 3, dans lequel ledit oxyde de

polyalkylene a une masse moleculaire de 25 000 a 45 000.

5. Compose precurseur de medicament selon la revendication 4, dans lequel ledit oxyde de polyalkylene a une masse
moleculaire de 30 000 a 42 000.

6. Compose precurseur de medicament selon Tune quelconque des revendications 1 a 5, dans lequel R2 est coiffe

par un groupe alkyle en C^.

7. Compose precurseur de medicament selon I'une quelconque des revendications 1 a 6, ledit medicament etant

choisi dans le groupe constitue par les proteines biologiquement actives, les enzymes, les peptides, les agents

anti-tumoraux, les agents cardiovasculaires, les antineoplasiques, les antiinfectleux, les antffongiques, les agents

antl-anxiete, les agents gastro-intestinaux, les agents activant le systeme nerveux central, les analgesiques, les

agents de la fertillte, les agents contraceptifs, les agents anti-inflammatoires, les agents steroidiens, les agents

anti-uricemiques, les agents vasodilatators et les agents vasoconstricteurs.

8. Compose precurseur de medicament selon la revendication 7, ledit medicament etant choisi dans le groupe cons-

titue par le paclitaxel, le taxotere, la camptothecine, la podophyllotoxine et la floxuridine.

9. Compose precurseur de medicament selon ia revendication 1 ,
ayant pour formule

ou D est un reste du medicament camptothecine lie par rintermediaire du groupe 20(S)-OH, le fragment -CO-CH
(CH3)-NH- est un reste de (/) ou de (d) alanine et PEG est un polyethyleneglycol ayant une masse moleculaire

d'environ 40 kDa.

10. Compose precurseur de medicament selon la revendication 1 ,
ayant pour formule

ou D est un reste du medicament paclitaxel lid par I'intermediaire du groupe 2'-OH, le fragment -CO-CH(CH3)-NH-

D-0-CO-CH(CH3)-NH-CO-CH2-0-PEG-0-CH2-CO-NH-CH(CH3)-CO-0-D

D-0-CO-CH(CH3)-NH-CO-CH2-0-PEG-0-CH2-CO-NH-CH(CH3)-CO-0-D
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est un reste de (/) ou de (d) alanine et PEG est un polyethyleneglycol ayant une masse moleculaire d'environ 40
kDa.

11. Compose precurseur de medicament selon la revendication 1, ayant pourformule

D-0-CO-CH(CH3)-NH-CO-CH 2
.0-PEG-0-CH 2-CO-NH-CH(CH 3)-CO-0-D

ou D est un reste du medicament acyclovir, le fragment -CO-CH(CH3)-NH- est un reste de (i) alanine et PEG est

un polyethyleneglycol ayant une masse moleculaire d'environ 40 kDa,

12. Compose precurseur de medicament selon la revendication 1, ayant pour formule

D^O-CO-CH(CH2C6H5)-NH-CO-CH2-0-PEG-0-CH2-CO-NH-CH(CH2C6H 5)-CO-0-D

ou D est un reste du medicament amoxtcilline, le fragment -CO-CH(CH2C6H5)-NH- est un reste de phenylalanine

et PEG est un poly6thyleneglycol ayant une masse moleculaire d'environ 40 kDa.

13. Compost precurseur de medicament selon la revendication 1 ,
ayant pourformule

D-0-CO-CH[CH
2CH(CH3 )2]-NH-CO-CH 2-0-PEG-0-CH2-CO-NH-CH[CH2CH(CH3 )2]-CO-0-D

ou D est un reste du medicament fluconazole, le fragment -CO-CH[CH2CH(CH3)2]-NH- est un reste de leucine et

PEG est un polyethyleneglycol ayant une masse moleculaire d'environ 40 kDa.

14. Compose precurseur de medicament selon la revendication 1, ayant pourformule

D-0-proIine-CO«CH2-0-PEG-0-CH2-CO-prollne-0-D

ou D est un reste du medicament floxuridine, le fragment proline est un reste de proline et PEG est un polyethy-

leneglycol ayant une masse moleculaire d'environ 40 kDa.

15. Compose precurseur de medicament selon Tune quelconque des revendications precedentes pour son utilisation

en tant que medicament.

16. Utilisation d'un compose precurseur de medicament selon I'une quelconque des revendications 1 a 14 pour la

fabrication d'un medicament.

17. Utilisation selon la revendication 1 6, ou le lien (/) et/ou (d) aminoacide entre le fragment medicament et le fragment

oxyde de polyaikylene est choisl de telle facon que requilibre souhaitable entre la Vitesse d'hydrolyse du lien et la

Vitesse de la clairance du precurseur de medicament de i'organisme soit atteint,

18. Methode de preparation d'un compose precurseur de medicament selon I'une quelconque des revendications 1

a 14 ayant une demi-vle dans la circulation sup6rieure a la demi-vie d'hydrolyse in vivo, comprenant

:

la reaction d'un fragment de medicament ayant un groupe hydroxyle formant un ester avec un aminoacide

contenant un groupe acide carboxyle disponible, fragment d'espacement, en presence d'un premier agent de
couplage, pour former un Intermediaire de precurseur de medicament, medicament - fragment d'espacement,

la reaction dudit intermediaire de precurseur de medicament, medicament - fragment d'espacement, avec un

oxyde de polyaikylene ou un oxyde de polyaikylene active soluble dans Peau, ayant une masse moleculaire

de 20 000 a 80 000 et contenant un groupe aclde carfooxylique terminal, en presence d'un second agent de
couplage et la recuperation du compose precurseur de medicament.

19. Methode seion la revendication 18, ledit medicament etant choisi dans le groupe constitue par les proteines bio-

logiquement actives, les enzymes, les peptides, les agents anti-tumoraux, les agents cardlovasculai res, les anti-
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neoplasiques, les antiinfectieux, ies antifongiques, les agents anti-anxiete, les agents gastro-intestinaux, les

agents activant le systeme nerveux central, les analgeslques, les agents de la fertilite, les agents contraceptifs,

les agents anti-lnflammatoires, les agents steroidiens, les agents anti-uricemiques, les agents vasodilatateurs et

les agents vasoconstricteurs.

20. Methode salon la revendlcatlon 18 ou 19, ledit amlnoaclde, fragment d'espacement, etant cholsi dans le groupe
constitue par les (/) aminoacides, ies (d) aminoacides et un melange de (/) et (d) aminoacides.

21 . Methode selon la revendlcatlon 20, ledit aminoacide, fragment d'espacement, etant choisi dans le groupe constitue

par ia (/) et/ou la (d) alanine et la phenylalanine.

22. Methode selon Tune quelconque des revendications 1 8 a 21 , ou ledit premier agent de couplage et ledit second

agent de couplage sent choisis, de facon independante, dans le groupe constitue par le 1 ,3-diisopropylcarbodii-

mide (DIPC), les dlalkylcarbodlimides, les halogenures de 2-halogeno-1 -alkylpyridlnium, le 1 -(3-dimethylaminopro-

pyl)-3-ethylcarbodiimide (EDC), I'anhydride cyclique de I'acide propanephosphonique (PPACA) et le carbodllmlde

(GDI).

23. Methode selon Tune quelconque des revendications 1 8 a 22, ou ledit oxyde de polyalkylene est un potyethylene-

glycol.

21



EP 0 923 566 B1



EP 0 923 566 B1

23



EP 0 923 566 B1



EP 0 923 566 B1

25



26


